Abstract CHO-LY-B cells have been useful in studies of sphingolipid metabolism and function because they lack serine palmitoyltransferase (SPT) activity. Cloning and sequencing of the SPT1 transcript of LY-B cells identified the mutation as a guanine to adenine change at nucleotide 738, causing a G246R transformation. Western blots revealed low expression of the mutant SPT1 peptide, but activity was not detectable by mass spectrometric analysis of [ 13 C]-palmitate incorporation into sphinganine, sphingosine, 1-deoxysphinganine, or 1-desoxymethylsphinganine. Treatment of LY-B cells with chemical chaperones (DMSO or glycerol) increased the amounts of mutant SPT1 as well as SPT2, but SPT activity was not restored. This study has established that G246R mutation in hamster SPT1 results in the loss of SPT activity.
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Introduction
Sphingolipids are a structurally diverse and important family of compounds [1] characterized by having a sphingoid base backbone [2] . Sphingoid base biosynthesis is initiated by serine palmitoyltransferase (SPT; EC2.3. 1.50) [3] , an activity that is essential for cells in culture unless the medium is supplemented with sphingolipids [4] . SPT is comprised of two [3] , and possibly more [5, 6] , subunits and homozygous deletion of two subunits (Sptlc1 and Sptlc2, also known as LCB1/LCB2 or SPT1/SPT2) in mice is embryonic lethal [7] . Mutations in SPTLC1 are responsible for human hereditary sensory neuropathy type 1 (HSN1) [8, 9] . LY-B cells lack SPT activity due to mutation of Sptlc1 [4] , and have been useful tools for studies of de novo sphingolipid biosynthesis and the functions of sphingolipids [4] . This report describes the point mutation that results in the loss of SPT activity in LY-B cells, and notes that small amounts of SPT1 polypeptide can be detected by Western blotting, especially when the cells are treated with 'chemical chaperones' [10] such as DMSO and glycerol, but without restoration of activity.
Experimental Procedures

Materials
Chinese hamster ovary (CHO) derived lines LY-B and LY-B/cLCB1 (which are stably transfected with the Chinese hamster LCB1 cDNA to restore SPT activity) were available from previous studies [4] . Ham's F12 medium was from Gibco (Carlsbad, CA) and fetal bovine serum was obtained from Hyclone (Logan, UT). The sources for the antibodies were BD Biosciences (San Jose, CA) for the anti-LCB1 monoclonal antibody, Cayman (Ann Arbor, MI) for the anti-SPT2 monoclonal antibody, Sigma (St. Louis, MO) for the anti-beta actin and anti-HA antibodies, Ambion (Austin, TX) for the anti-GAPDH antibody, and David Uhlinger (Johnson & Johnson Pharmaceutical Research & Development, Raritan, NJ) for another anti-SPT1 antibody [11] . The enhanced chemifluorescence (ECF) Western blotting kit was purchased from GE healthcare (Piscataway, NJ). Mass spectrometry internal standards were obtained from Avanti Polar Lipids (Alabaster, AL) and [U-
13 C]-palmitic acid was purchased from Cambridge Isotope (Andover, MA). Fumonisin B 1 (FB 1 ) was obtained from Biomol (Plymouth Meeting, PA). All other reagents and solvents were of high quality.
Cell Culture and Treatments LY-B and LY-B/cLCB1 cells were cultured in Ham's F12 medium containing 10% fetal bovine serum, penicillin G (100 U/ml) and streptomycin sulfate (100 lg/ml) in 5% CO 2 at 37°C. During stable isotope labeling studies, the media was supplemented with 0.1 mM [U- 13 C]-palmitic acid complexed with equimolar fatty acid free BSA (Calbiochem, Gibbstown, NJ). After 12 or 24 h, depending on the experiment, the incorporation of the stable isotope into sphingolipids was measured by liquid chromatography, electrospray ionization tandem mass spectrometry (LC ESI-MS/MS) as previously described [12] except as noted below.
To analyze whether LY-B and LY-B/cLCB1 cells produce both 'typical' (i.e., sphinganine and sphingosine) and 'atypical' sphingoid bases (1-deoxysphinganine and 1-desoxymethylsphinganine) [13, 14] , 25-lM FB 1 was added to the medium 1 h before addition of 0.1 mM [U- 13 C]-palmitic acid-BSA complex to cause the sphingoid bases to accumulate [13] .
For chemical chaperone treatment, the LY-B cells were grown to *50% confluence and changed to media supplemented with different concentrations of DMSO (up to 3%) or glycerol (up to 1 M) for 24 h. To determine how this affected SPT amount, the SPT1 and SPT2 peptides were visualized by Western blotting as described below. GAPDH was used as the protein loading control because DMSO and glycerol influence actin expression [15] [16] [17] . To determine how SPT activity was affected, the cells were incubated for 12 h in the same medium supplemented with 0.1 mM [U-
13 C]-palmitic acid-BSA complex then analyzed by LC ESI-MS/MS.
Cloning and Sequencing of SPT1 from LY-B cells
Total RNA was extracted from LY-B cells by the Absolutely RNA Miniprep Kit (Qiagen, Valencia, CA) and reverse transcribed to cDNA using the cDNA Synthesis System Kit (TaKaRa, Mountain View, CA). PCR was performed to amplify the SPT1 transcript using primers (5 0 -atggcgatggcggcggagca and 3 0 -ctacagcagcacagcctgggca), which represent the start and stop codon for hamster SPT1 open reading frame. The amplified PCR transcript was ligated into pUC18 cloning vector and restriction digested with EcoRI to determine the clones with the correct inserts. 15 selected clones were sequenced (Nevada Genomics Center, Reno, NV) and compared to wildtype CHO SPT1 mRNA by multiple sequence alignment using T-coffee [18] .
Western Blotting Cells were rinsed with PBS then scraped from the dishes using PBS containing complete mini protease inhibitor cocktail (Roche Diagnostics, Indianapolis, IN), lysed by brief sonication, incubated for 30 min at 25°C with Benzonase Nuclease (Novagen, Madison, WI), then boiled briefly in Tris-HEPES-SDS (100 mM Tris, 100 mM HEPES, pH 8.0, 3 mM SDS) before loading onto a 12% SDS-PAGE (Pierce, Rockford, IL) minigel (40 lg of protein/well) and electrophoresed. The separated proteins were transferred onto a nitrocellulose membrane (Whatman, Florham park, NJ) and blocked with 5% milk-TBST (Tris buffered saline Tween-20) (20 mM Tris-HCl, pH 7.6, 137 mM NaCl, 0.1% Tween-20) solution. The membrane was incubated with primary antibodies (anti-LCB1, diluted 1:2,000; Anti-SPT1, diluted 1:3,000; anti-SPT2, diluted 1:1,000) overnight at 4°C and washed with TBST solution before being probed with a secondary anti-fluorescein antibody (ECF kit) for 1 h. The protein bands were visualized by incubating the membrane with the ECF substrate for 30 min and imaged using FLA-3000 imager (Fujifilm, Stamford, CT). Pixel density was measured using Multi Gauge (Fujifilm) image analysis software. Statistical significance was defined at a P value of 0.05 using the Kruskal-Wallis rank sum test in R v2.61 (www.r-project. org).
LC ESI-MS/MS Analysis of Sphingolipids
The sphingolipids were analyzed in positive ionization mode by LC ESI-MS/MS [12] using ABI 3000 triple quadrupole and ABI 4000 quadrupole-linear ion trap mass spectrometers (Applied Biosystems, Foster city, CA). Since the major fragmentation products of ceramides (Cer) and ceramide monohexosides (HexCer) (e.g., ions with m/z 264.4 for sphingosine and m/z 266.4 for sphinganine) retain the carbon atoms originally derived from palmitoyl-CoA, the sphingolipids made de novo via incorporation of [U-
13 C]-palmitate into the sphingoid base backbones were determined by adding 16 mass units to the precursorproduct pairs for species labeled in only the sphingoid base backbone, and by adding 32 mass units to the precursor ion and 16 to the product for compounds labeled in both the fatty acid and the sphingoid base. Since these product ions are of very low abundance from sphingomyelins (SM) [12] , the incorporation of [U-
13 C]-palmitate into the sphingoid base backbones of SM was determined by treatment of an aliquot of the lipid extract with the phospholipase D from Streptomyces chromofuscus (Sigma) to produces ceramide 1-phosphates [19, 20] , which do provide definitive information about [ 13 C] labeling of the sphingoid base backbone [12, 21] . This treatment was conducted by incubating dried lipid extracts with 50 units of the enzyme suspended in 0.1 ml of 100 mM Tris-HCl, pH 8.0, and 3 mM decylglucopyranoside (Sigma), at 37°C for 30 min. The reaction was dried by speedvac and analyzed by LC ESI-MS/MS.
Analysis of the biosynthesis of sphinganine (So), sphingosine (Sa), 1-deoxysphinganine (1-deoxy-Sa), and 1-desoxymethylsphinganine (1-desoxymethyl-Sa) [14, 22] from cells incubated [U- The LC conditions were the same as described previously [13, 22] , i.e., using a reverse phase LC column (Supelco 2.1 9 50 mm Discovery C18 column, Sigma, St. Louis, MO) and a binary solvent system at a flow rate of 0.6 mL/min; the binary system began with equilibration of the column with 60% mobile phase A (CH 3 OH/H 2 O/ HCOOH, 58/41/1, v/v/v, with 5 mM ammonium formate) and 40% mobile phase B (CH 3 OH/HCOOH, 99/1, v/v, with 5 mM ammonium formate), sample injection and elution for 1.3 min in the same mobile phase, followed by a linear gradient over 2.8 min to 100% B (then a column wash with 100% B for 0.5 min followed by re-equilibration with the original A/B mixture before the next run).
Homology Modelling of Mutant SPT1
Homology modelling was performed by comparing SPT with two POAS enzymes [23] , with one being the SPT from Sphingomonas paucimobilis (PDB ID: 2JG2) [24] . The crystal structures of PDB ID: 2JG2 and 1FC4 were selected as templates because they were identified to have 30% sequence identity with hamster SPT1 by a blast search of the PDB database. The sequences of the templates and mutant SPT1 protein were aligned using T-coffee [18] , refined manually into a PIR format alignment file that was used to generate the homology model with Modeller v6.1 [25] , which provides a consensus structure of the target protein without a bias towards a single template [26, 27] , and visualized by VMD v1.8.6 [28] . The 2JG2 template has 55% identity with hamster SPT1 for the amino acid residues located within a 5-Å radius of the mutated amino acid residue, R246, of SPT1 from LY-B cells.
Results and Discussion
Analysis of the Gene Sequence for Mutant SPT1 in LY-B Cells
Sequencing of the mutated SPT1 from LY-B cells revealed a guanine to adenine mutation at nucleotide residue 738, which would result in the substitution of Arg for Gly246, which is conserved across numerous species (C. griseus, M. musculus, H. sapiens and S. cerviceae), as shown in Fig. 1a . To investigate the impact of G246R substitution on SPT1, a homology model was prepared and residues within 5 Å of G246R were compared to 2JG2 template by multiple sequence alignment, which revealed 55% sequence homology. The analysis revealed the presence of non-polar residues such as Val, Leu and Phe within 3-5 Å distance from the point mutation, while polar residues Glu and Ser were conserved between SPT1 and 2JG2, which may play a role in protein folding. The stearic hindrance resulting from G246R substitution in a conserved region of SPT1 may destabilize the protein structure.
Analysis of Mutant SPT1 Polypeptide in LY-B Cells
Previous studies have not detected an SPT1 peptide in LY-B cells by Western blotting [4] , however, a very faint band is discernable when larger amounts of protein (40 lg) are examined using two antibodies (anti-LCB1 and anti-SPT1) (Fig. 2a, b) but not using an antibody to another polypeptide epitope not found in the cells (HA) (Fig. 2c) . Also shown is the immunoblotting of SPT1 in LY-B/ cLCB1 cells, which have been stably transfected with the wild-type SPT1 gene (Fig. 2a, b) .
Analysis of Mutant SPT Activities in LY-B Cells
To ascertain whether this small amount of mutant SPT1 afforded detectable de novo sphingolipid biosynthesis, cells were incubated with [ 13 C]-palmitic acid and analyzed for incorporation of [ 13 C] into the sphingoid base backbone (with free sphingoid bases in Fig. 3a and complex sphingolipids in Fig. 3b-d) ; LY-B/cLCB1 cells were used as a positive control because they have SPT activities comparable to wild-type CHO cells [4] . When all of the subspecies are summed, the amounts of backbone [ HexCer/mg protein and 300 ± 14 pmol SM/mg protein, for a total of *416 pmol/mg protein; for LY-B cells, the amounts were below the limits of detection for Cer and HexCer (*0.1 pmol/mg protein) and very low for SM (5.5 ± 16 pmol SM/mg protein) which, based on the high noise in the signal (reflected in the high SD), might be due to other compounds with similar ionization characteristics. Thus, even counting the possibility that this represents SM, the maximum amount of labeled backbone sphingolipids in the LY-B cells would only *1% that in LY-B/cLCB1 cells. This is in agreement with a previous study [4] which has shown that SPT activity in the microsomal fraction of LY-B cells was less than 5% of that in CHO-K1 cells.
As has been shown before [4] , although LY-B cells are defective in sphingolipid biosynthesis de novo, they contain appreciable amounts of sphingolipids if grown in medium that contains sphingolipids (e.g., from serum). In these studies, the pmol of unlabeled sphingolipids/mg protein for LY-B versus LY-B/cLCB1 cells (measured by LC ESI-MS/ MS) were, respectively: 140 ± 18 versus 1,073 ± 17 for Cer; 122 ± 7 versus 447 ± 87 for HexCer; and 3,474 ± 452 versus 5,143 ± 167 for SM (data not shown).
As another way to assess sphingoid base biosynthesis, the cells were incubated with FB 1 to allow accumulation of the [ 13 C]-labeled sphingoid bases which are otherwise rapidly N-acylated to complex sphingolipids, and thus less easily tracked. These results are shown in Fig. 4 as the relative ion yields for the precursor/product pairs as they elute from the reverse phase column. Production of [
13 C]-So (Fig. 4a) , (Fig. 4c) , [ 13 C]-1-deoxy-Sa (Fig. 4b) and [ 13 C]-1-desoxy-methyl-Sa (Fig. 4d) were readily detected with the LY-B/cLCB1 cells, but the signal was not above background for the LY-B cells, which further confirms the conclusion from Fig. 3 that the LY-B cells do not synthesize detectable amounts of sphingoid bases de novo. The appearance of [ 13 C]-sphingosine in LY-B/cLCB1 cells was somewhat surprising because desaturation of sphinganine is thought to occur only after N-acylation [29] , but it is possible that this concentration of FB 1 did not completely block [
13 C]-Cer biosynthesis and this [
13 C]-sphingosine arose from turnover.
Partial Stabilization of Mutant SPT in LY-B Cells
Some misfolded proteins can be stabilized by so-called chemical chaperones such as DMSO and glycerol [30] [31] [32] . When LY-B cells were treated for 24 h with DMSO or glycerol at concentrations where they have previously been effective [30, 32] , there were noticeable increases in both SPT1 and SPT2 by Western blotting (Fig. 5, upper) , with the average increases in five experiments being between two and threefold (Fig. 5, lower) . Lower concentrations had no effect, and higher were toxic (data not shown). In case these treatments also resulted in restoration of SPT activity, the incorporation of [ 13 C]-palmitate into sphingolipids was measured after LY-B cells had been treated with either 3% DMSO or 1 M glycerol for 24 h (the [ 13 C]-palmitate was added to the same medium and the cells were incubated for 12 h before extraction for sphingolipid analysis by LC ESI-MS/MS). As noted earlier, the ion yields for the 13 C-labeled species were very low, but by manually averaging the ion counts in the samples versus the background, we would estimate that the amounts of newly made sphingolipids (i.e., 13 C-labeled in the sphingoid base backbone) were 2.0 ± 0.5 pmol/mg protein for the LY-B cells in medium alone, 1.6 ± 0.2 pmol/mg protein for the LY-cells incubated with 3% DMSO and 2.3 ± 1.2 pmol/mg protein for LY-B cells in 1 M glycerol. Therefore, there was no evidence that the small amounts of SPT1 detected upon treatment of the cells with these chemical chaperones restored SPT activity.
Concluding Comments
The finding that the sequence of the SPT1 transcript from LY-B cells has a G246R substitution is not surprising because these cells were produced using ethyl methanesulfonate [4] , a mutagen that causes the random replacement of , with GAPDH as the loading control. The lower panels are the relative differences in protein amounts as estimated from the pixel densities of the bands from five independent Western blots (bottom panels), with the standard error indicated by the bars. Ratios that were significantly different from the control (no treatment, 0) at P B 0.05, as determined by the Kruskal-Wallis rank sum test, are indicated by an asterisk guanine(s) with adenine. Furthermore, the very low amounts of detectable mutant SPT1 polypeptide is consistent with the translated protein being unstable, which would be predicted upon localization of a positively charged Arg in a hydrophobic region of the enzyme, as suggested by the homology model [33] . It was worthwhile, nonetheless, to test for possible SPT activity given the recent discovery that SPT is able to produce not only sphinganine (and downstream sphingosine) but also the atypical sphingoid bases, 1-deoxysphinganine (from alanine) and 1-desoxymethylsphinganine (from glycine) [13, 22] ; furthermore, it has been suggested that these are elevated in the mutated SPTLC1 found in human sensory neuropathy type 1 (HSN1) [14] . However, the LY-B cells produced no detectable sphingoid bases of any of these types.
Therefore, for most studies, the presence of small amounts of mutant SPT1 polypeptide is not likely to interfere with the investigation. Its presence should be kept in mind, nonetheless, during investigations where the residual protein might become stabilized and complicate interpretation of studies of protein-protein interactions or other phenomena.
